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MANUFACTURE OF' PARTS USING THE METHOD OF

HYDROSTATIC EXTRUS ION

A. A. Galkin, V. P. Buryak, Ye. I. Osyka,

B. M. Lliovskiy, N. I. Matrosov and V. 0. Kovalenko

Along with the widespread use of methods of producing profiled

has developed in a new method of working metals by pressure - the

method of hydroextrusion. It is characterized by improved methods of

extruding the part through the eye of the matrix. Hydroextrusion is

the only rational method of working when i|anuficturing profiles from

materials which are difficult to deform.

The system for extruding profiled parts using fluid under high

pressure is the same as the methods for extruding rod-shaped parts,

described in the literature f[-43. The effect of pressure on the

mechanicatl properties of the deformed materials is deveribed in [1,31.

The pre:i,-,,1. article describ.s :--• .1.,.r..;u.; hIvelopfd ý-rd uZed

Aur i,-.vdroext..-uslon of prof'iled winrl
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consists of a press attachments
made up of a container 1, connec-

ted by a plunger 2 to the pressure

generator. The pressure generatorI . . -.' is a vertical hydraulic press with

". .. a force of 100 tons (Type D 0437).

The pressure in the container

- Is related to the pressure In the

cylinder of the press by the 34

relationship

S... , -----. p. p ik. k/.

Figure 1. where km Is the coefficient of

multiplication; kf is a coeffi-

cient which accounts for the losses

in pressure transmission; its value
depends on the type of compression of the plunger, the working pressure

Sand the fluids and lubricants used; k -= 8 to 20%. The apparatus is

mounted on two plates 3 and 4, connected to the upper and lower braces

of the press. The container is mounted on the spherical surface of

a bearing 7 and attached to the pla,e by a clamp 6.

The working fluid is benzine + oil, kerosene + oil and varkous
mixtures with additives, reducing friction and producing comparatively

low extrusion forces. The fluid is poured in at the top with the

plunger completely withdrawn.

To reduce friction and cut down the extrusion forces, lubricants

are employed: MoS2 in various modifications, hypoid, graphite; lead,

zinc and c•dmiut, coatings.

The optimum angle for the inlet cone of the matrix 5 was 20 + 40.

The blank had a sharpening angle equal to the angle •f the cone of

the matrlx, while a shaft projecting into the ca]ibratin, portion with

b small clearance was provided for more rt i U:bI e sealing and ••accurate

centering alonr the axis of the matrix.
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The hydroextrusion process takes place at great speed. With the

speed of the press not regulated, it is impossible to regulate the

flow process, so that there is difficulty in collecting the parts.

This t:; particularly evident If the volume of the liquid is considerably I
i"i excess of the volume of the blank. However, if the volume of the

liqluid is comparable to the volt,mc: of the blank, then as the parts

emerge from the press, it will not be possible to maintain the pressure

necessary for extrusion, and the process will cease until the pressure

builds up again.

To reduce th.: influence of the accumulated enerpy of the compressedI _ fluid on the rate of output of the extrudate and the hydraulic system

E of the press, tests were made involving closing the internal channel A

of the container following emergence of the part. As a result. of the

prEss, tests were nade involvlng closing the internal channel of the

container followJng. emero-nce of' the part. As a result of the tests,

it wa:; concluded that disk-shaped irregular, spherical and conical

sections have a positive effect on the operation of the press, insig-

nificantly reducing the rate of output of the extrudate, but reduce

the service life of the matrix, especially at high pressures, when

the energy of the impact of the cross section against the matrix in-

creases considerably. To collect the parts emerging from the container

at high speed, calchers were used with rubber, cloth or other liners,

partly solving the problem of braking. Pneumatic and hydraulic

catchers were tested.

This device was used for the extrusion of parts with circular,

rectangular and helical cross sections from nonferrous metals, struc-

tural and tool steels and alloys that were difficult to deform. The

dimensions of the parts produced were limited by the available con-

talners and amounted to a maximum of 12 mm In diameter and 150 mm
In length.

= The cont:%iner Is a slnjgle-laytr thin-walled cylh-!-%r with a

rat-Ii of tht, radIi R/r = R:10, autofrettold by , iyrnst.:; b: pressure- III

erwcjnzs of the wo-I.n-v pressure by -,.. ,n- I 'n :", , .?I aut vlae lst I C

range. The cale'"a) ;t ons f'or the a~ -- ~ ~I-*a .. ~es;ri.

dlz;tdI 1t~i nI~ 7 1.



bleasurements made of the internal ehanne.L of the container

following 15 cycles of stress up to 30,000 bars ghowed that no further

increase in the diameter had taken place. This is supported by the

results of the work in [6), indicating that plastic.deformations are

damped with an increase In the number of stresses. Vessels are also
used in which the plastic deformation amounts to 4_6% (Ar/r-.O0).

From the experience gained lit working with multilayer and single-

layer containers, we can conclude that of all the high-p:ressure con-
tainers of current design that operate at pressures up to 30,000 bars,

RE- + -it is best to use single-layer ones.

Experiments were conducted to study the influence of thermal

working of the material on the strength of the container. An .optimum

regime for thermal working of 45 KhNVA, 45 KhNMFA and 45 KhNVFA steel:-
9-4 was worked out; these steels are usu.d for manufacture of single-layer

containers, used at room temperature. Thermal working up to hardness
HRC 39-42 Insures high strength of the container.

For working at 5000 C, one can use highly alloyed heat-resistant
steels (:Th412FM, 3 Kh2N2MVF, 3 Kh2V8F, E1958 and Kh6V3FM). The con-
tainer operates in the elastic-plastic zone, and its working channel

_ ~~~~~~~has a curved shape, so thata aetsawschen

In this case, there is no need for a precise wdrking of the

internal channel of the container or for fitting it with a working
rod; the stress on the rod during longitudinal bending is more

favorable; the gasket seal has a long service life.

-= -
There are many types of gasket seals. The majority of them

consist of a large number of rings, requiring precise working and
careful fitting. We tested several varieties of gasket seals and

studied the effect of a gap between the moving parts on the mass of
the rings.

The simplest sevl consists .of five rings (Figure 2). Clamping

.ring 1 is made with a high demree of precision from ShKhl5 steel

V.TD-HC-23-332-7l '
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(HRc 60o-65). The clamping ring

forms a gap of 0.01-0.02 umn with

the plunger, and 0.015-0.025 mm

in the socket. Packing rings 2.

* 3 and support 5 are made of hr.1.3B2

* bronze (HEo-35-40). M

Teflon is used for sealing
-"ring 4. The ring is made with a

clearance of 0.1-0.2 mm relative

to the plunger an.: the socket.

Figure 2. The surface life of the packing
is determined by the strength of

ring 5 and is in the hundreds of

cycles.

""pe hKhl., XhVG and R 18 :teels are used to make the plunge.r;

in wt.-ing w£th t ,,,'tures abr-ve 25,000 bars, it is preferable to use

RiB La eI. At 1z C, use of Rf-2 and lKh'4VWM steel may be

recommended.

In ,xtruding profiled parts, certain difficulties may be
encountered In preparing the matrix. Matrices made of ShKhl5, 3Kh2V8F,
E1958 and othert hiut-strength steels, as well as'refractor,• steels,
are used. Matrices used to make parts with circular and rectangular
cross sections are made by a mechanical method, while profiled

matrices are made by the electroerosion method or by stamping from -

cermet alloys.

Refractory matrices are more advantageous, since they are 2imTie
to n.ae, have long service lives and provide the required quality of
the surface of the emerging extrudate.

The sealing of matrices with a cyl:ndrica1 outer surface Its shr-Wn

In Figure 3. This kind of sealing is also used for matrix 3 with a

* nonworked surface and may be employed at pressures up t-o 30,0 i4:'s.
= Support ring 1, used for sealing, Is made of bronze or brass .O...

Pa -
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clearance of 0.01 relative to the matrix
and the container. Packing ring 2 (Teflon)
is made with a clearance of 0.2 mm relative
to the diameters.

RESULTS

- Pressing profiles requires high forces, .

"Figure 3. thus creating the necessity for an apparatus

working at higher pressures. The use of

"high-strength ductile steels with a special
preliminary hydraulic working of the internal channel makes it possible
to use a container with a single-layer corvstruction at room temperan;tre

for pressures up to 40,000 bars.

Containers with large diameters for the internal channel f. r

pressures up to 40,000 bars may be ;'ide with two-layer construction,

made up of two inserts with a slight gap.

It is necessary to continue work in the area of reducing the
rate of out-put of extrudate and in working out designs for capturing

the latter and slowing it down in ordinary industrial hydraulic presses.

In addition, it is necessary to develop a design for compacting the

rod and matrix, insuring a long continuous service"at a press.ure of

30,000 bars and a temperature of 5000 C.

is

fOT4fC-23-332-71 6



REFEREN CES

I. wac Ie Ii i.Iccaoxooafnn* 6osnwusua a~acripic*
citil Aci~puiW8Wi u p~ji-lInua. ALI. 11,1. M.Jj.

10 n J. if. 11 A!ii t i 1 ..11. I ucoipee slonr-l

3. fiepeciiu Is. Ii. Depesuarnst A. 41. it 4"t

txo. 3zanoxxvAca~upw .15,A6

4. Sepeaoes iA. H, bcntqtscem J1 0.ay~cii mh~u PHA.
0.UM Qr0.a If. 0 UUIUM HUCTAAue toc1C4zuA -

XOAIi" NOAU c WEMZ MAeNWO2. eHaxs. AH CCCP. &OTUIL,5

11.J13.ucAH. A fluaiiom a* vapyaam yupepaus micuuCi

wcru. KOM. HTI. )"" diLJu w.GJD.15

7. rexts ILAL V~u&6 iopsraprom mayvi

qw. , luA II

LI


